Introduction
Every year more than 20 million infants are born with low birth weight worldwide 1 . About 3.6 million infants die during the neonatal period. 2 Two thirds of these deaths occur in southern Asia and sub-Saharan Africa. More than one third of child deaths are thought to be attributable to maternal and child undernutrition. 3 Deficiencies in micronutrients such as folate, iron and zinc and vitamins A, B6, B12, C, E and riboflavin are highly prevalent and may occur concurrently among pregnant women. 3 Micronutrient deficiencies result from inadequate intake of meat, fruits and vegetables, and infections can also be a cause. Multiple micronutrient supplementation in pregnant women may be a promising strategy for reducing adverse pregnancy outcomes through improved maternal nutritional and immune status. 4, 5 The World Health Organization (WHO) currently recommends iron and folic acid supplementation to reduce the risk of iron deficiency anaemia among pregnant women. Since many developing countries already have systems in place for the delivery of iron and folic acid supplements, micronutrient supplements could be provided at little additional cost. 6 Several systematic reviews of trials examining the effects of maternal multiple micronutrient supplementation have been conducted, [7] [8] [9] [10] but they have had limitations. Although some researchers have raised concerns that micronutrient supplementation may increase perinatal mortality, none of the previous review articles has adequately addressed this issue. [7] [8] [9] 11 None has examined the potential sources of heterogeneity in the effect of supplementation on perinatal mortality. The effects of maternal micronutrient supplementation on perinatal mortality and other pregnancy outcomes can differ depending on trial characteristics and study population. An updated systematic review is essential to provide the basis for future research and for a discussion of policy implications. We conducted a systematic review of trials comparing the effect of maternal multiple micronutrient supplementation with that of iron and folic acid supplementation on pregnancy outcomes in developing countries. We also conducted subgroup meta-analysis and meta-regression to explore sources of heterogeneity.
Methods

Search strategy and inclusion criteria
We searched MEDLINE and EMBASE up to 1 August 2010 and identified potentially relevant published trials using the combination of medical subject headings (MeSH) and text words denoting micronutrient supplements and pregnancy outcomes. We used the terms micronutrient, multivitamin, vitamin, mineral and supplement in combination with pregnancy, birth, newborn, infant, low birth weight, preterm, fetal growth, smallfor-gestational-age, perinatal mortality and neonatal mortality. We also searched the references cited by the retrieved articles for additional references.
We applied the following inclusion criteria: (i) only randomized controlled trials conducted in developing countries; (ii) only trials that compared an intervention group receiving multiple micronutrient supplements (defined as more than three micronutrients) with a control group receiving iron and folic acid, and (iii) only trials that examined any of the following outcomes: birth weight, low birth weight (birth weight Abstracts in ‫,عريب‬ 中文, Français, Pусский and Español at the end of each article.
Objective To systematically review randomized controlled trials comparing the effect of supplementation with multiple micronutrients versus iron and folic acid on pregnancy outcomes in developing countries. Methods MEDLINE and EMBASE were searched. Outcomes of interest were birth weight, low birth weight, small size for gestational age, perinatal mortality and neonatal mortality. Pooled relative risks (RRs) were estimated by random effects models. Sources of heterogeneity were explored through subgroup meta-analyses and meta-regression. Findings Multiple micronutrient supplementation was more effective than iron and folic acid supplementation at reducing the risk of low birth weight (RR: 0.86, 95% confidence interval, CI: 0.79-0.93) and of small size for gestational age (RR: 0.85; 95% CI: 0.78-0.93). Micronutrient supplementation had no overall effect on perinatal mortality (RR: 1.05; 95% CI: 0.90-1.22), although substantial heterogeneity was evident (I 2 = 58%; P for heterogeneity = 0.008). Subgroup and meta-regression analyses suggested that micronutrient supplementation was associated with a lower risk of perinatal mortality in trials in which > 50% of mothers had formal education (RR: 0.93; 95% CI: 0.82-1.06) or in which supplementation was initiated after a mean of 20 weeks of gestation (RR: 0.88; 95% CI: 0.80-0.97). Conclusion Maternal education or gestational age at initiation of supplementation may have contributed to the observed heterogeneous effects on perinatal mortality. The safety, efficacy and effective delivery of maternal micronutrient supplementation require further research.
< 2500 g), preterm birth (birth before the 37th week of gestation), small size for gestational age (birth weight below the 10th percentile of weight for gestational age), perinatal death (death from the 28th week of gestation through the first week after delivery) and neonatal death (death within 28 days of delivery).
We included only trials in developing countries because micronutrient malnutrition among pregnant women is much more common in developing countries than in industrialized countries. Furthermore, no recommendations for prenatal micronutrient supplements exist in most developing countries, whereas such supplements are routinely recommended in some developed countries. 12 We defined a "multiple micronutrient supplement" as a single tablet containing more than three different micronutrients; micronutrient-fortified powders, foods and beverages were not included in the definition.
Data extraction and quality assessment
We extracted information on the characteristics of the trials and their participants, interventions, outcome measures and methodological quality. Our criteria for assessing methodological quality included randomization, allocation concealment, blinding, completeness of follow-up and compliance with study regimens. We also extracted the results of randomized controlled trials included in previous reviews.
Statistical analysis
We applied random effects models to estimate the pooled relative risks (RRs) or mean differences and their respective 95% confidence intervals (CIs). 13 The natural logarithms of the RRs and their corresponding standard errors from individual trials were used to compute the pooled estimates. We employed the I 2 statistic to determine the proportion of the total variation among studies due to heterogeneity rather than chance.
14 To evaluate possible publication bias, we visually inspected the funnel plot for asymmetry and performed the Begg's rank correlation test and Egger's linear regression test.
To investigate the sources of heterogeneity, we conducted subgroup metaanalysis and meta-regression analysis. 15 We examined the effects of micronutrient supplementation according to the following dichotomized characteristics: prevalence of maternal underweight (body mass index [BMI, or weight in kg divided by the square of the height in metres] < 18.5), < 20% or ≥ 20%; average height, < 155 cm or ≥ 155 cm; proportion of primiparous women, < 35% or ≥ 35%) and proportion of women without formal education, < 50% or ≥ 50%. Additionally, we examined the effect modification of different iron doses as a function of treatment group and average gestational age at initiation of supplementation (< 20 weeks or ≥ 20 weeks). For perinatal mortality, we also examined the effect of micronutrient supplementation on the risk of large size for gestational age (RR < 1.10 or ≥ 1.10) and birth weight (mean difference in birth weight by treatment group, < 50 g or ≥ 50 g). We performed random effects meta-regression using weights proportional to the inverse variance. We employed residual I 2 to estimate residual heterogeneity between studies after adjusting for the covariate of interest in the meta-regression. All statistical analyses were performed using STATA version 11 (StataCorp. LP, College Station, United States of America).
Results
We identified 27 potentially relevant articles for detailed review (Fig. 1) . We excluded 10 articles because they were conducted in developed countries, used supplements containing fewer than three micronutrients or did not assess outcomes of interest. The remaining 17 articles provided data for meta-analysis.
9,10,16-31 Three of them were systematic reviews 9, 10, 31 from which we extracted the results of trials in Indonesia (Indramayu) and Bangladesh.
9,10 Table 1 shows the characteristics of the 15 trials (n = 64 244) that compared the effect of micronutrient supplementation with that of iron and folic acid supplementation on pregnancy outcomes. All trials were double-blinded and showed high compliance with the study regimens. While loss to follow-up was minimal in most trials, in Mexico, Niger and Zimbabwe more than 20% of trial participants were lost to follow-up. A hospital-based trial in India was restricted to only undernourished women and two trials conducted in the United Republic of Tanzania were restricted to either HIV-positive or HIV-negative women. Most of the trials used the international multiple micronutrient preparation (UNIMMAP) of the United Nations Children's Fund/World Health Organization/United Nations University, which contains the recommended dietary allowance (RDA) of 15 vitamins and minerals. Because vitamins can enhance iron absorption and utilization, the UNIMMAP contains 30 mg of iron, or half the dose of iron in the iron and folic acid supplements. The trials conducted in Mexico, Nepal (Sarlahi district) and Zimbabwe used the RDA of multiple micronutrients, like the UNIMMAP, whereas two trials Pooled analyses of 15 trials showed that maternal micronutrient supplementation increased birth weight (pooled mean difference: 44 g; 95% CI: 28-60; Table 2 ). Pregnant women who received micronutrient supplements were less likely to deliver low-birth-weight infants (pooled RR: 0.86, 95% CI: 0.79-0.93) or small-for-gestational-age infants (pooled RR: 0.85; 95% CI: 0.78-0.93) than women who received iron and folic acid supplements. Micronutrient supplementation had no effect on preterm delivery (pooled RR: 0.99; 95% CI: 0.95-1.03). We examined sources of heterogeneity for effects on birth weight, low birth weight and small size for gestational age (Table 3, Table 4 and Table 5 , available at: http://www.who.int/bulletin/volumes/89/6/10-083758). None of these three outcomes appeared to be modified by maternal education, underweight, height, parity, the average timing of initiation of supplements or iron dosage (P for test for heterogeneity > 0.05). However, trials in which micronutrient supplementation was initiated after an average gestational age of 20 weeks appeared to show a greater beneficial effect of supplementation with respect to low birth weight (RR: 0.76; 95% CI: 0.64-0.89) and small size for gestational age (RR: 0.77; 95% CI: 0.65-0.91), although the test for heterogeneity did not yield statistical significance.
The effect of micronutrient supplementation on perinatal and neonatal mortality was assessed in 11 randomized controlled trials ( Fig. 2 ). However, substantial heterogeneity of effect estimates on perinatal mortality was evident (I 2 = 58%; 95% CI: 19-79; P for heterogeneity = 0.008). Subgroup and meta-regression analyses showed that differences between trials in maternal underweight, maternal height, parity and iron dosage did not explain the heterogeneity of effect estimates on perinatal mortality (Table 7) . Furthermore, differences in the effect of supplementation on the risk of large size for gestational age did not explain the heterogeneity. In univariate meta-regression analysis, adverse effects on perinatal mortality were found in trials conducted in settings where most mothers had no formal education (P = 0.009). All three trials conducted in populations in which more than 50% of mothers had no formal education (Burkina Faso, Sarlahi in Nepal and Pakistan) showed adverse effects on perinatal mortality (pooled RR: 1.41; 95% CI: 1.14-1.75). The average gestational age at the initiation of supplementation may have contributed to the heterogeneity in the effect estimates, and early initiation was associated with harmful effects (univariate meta-regression, P = 0.003). The pooled RR was 1.28 (95% CI: 1.10-1.49) for trials in which supplementation was on average initiated before the 20th weeks of gestation and 0.88 (95% CI: 0.80, 0.97) for trials in which supplementation was initiated after the 20th week. Maternal education and average gestational age at supplement initiation were correlated; trials conducted among mothers with no education were also those that initiated supplementation early. When we constructed a multivariate meta-regression model including maternal education and gestational age at initiation of supplementation, both covariates became non-significant (timing of initiation, P = 0.09; maternal education, P = 0.30; residual I 2 = 0%; residual P for heterogeneity = 0.51). We also conducted meta-regression analysis to explore the effect of micronutrient supplementation on neonatal mortality. Similarly, we found that maternal educational level (univariate meta-regression; P = 0.01) or average gestational age at initiation of supplementation (P = 0.02) may have contributed to the heterogeneous effect on neonatal mortality.
Neither the Egger test nor the Begg test for publication bias showed statistical significance (P > 0.05 for both tests) for an effect on low birth weight, birth weight, small size for gestational age, preterm delivery and perinatal mortality. In the case of neonatal mortality, we found some evidence of publication bias based on the Egger test (P = 0.02) but not on the Begg test (P = 0.28).
Discussion
Our study is consistent with recent systematic reviews in showing that maternal micronutrient supplementation can reduce the risk of having an infant with low birth weight. 8, 31 While micronutrient supplementation showed no overall effect on perinatal mortality, several trials reported non-significant adverse effects. We found that maternal educational level or gestational age at initiation of supplementation may have contributed to the heterogeneous effects on perinatal mortality.
Several biological mechanisms can explain the beneficial effects of micronutrient supplementation on fetal growth. Women require more vitamins and 18 However, in our study the heterogeneity in the effect on perinatal mortality was not explained by the prevalence of maternal underweight, average maternal height or the percentage of primiparous women. In a trial in Burkina Faso, half of the perinatal deaths were due to prematurity. This led the researchers to conclude that an increase in perinatal mortality cannot be entirely due to the complications associated with delivering an infant too large for gestational age. 28 Furthermore, large head size can increase the risk of obstructed delivery, but a previous review found no effect of micronutrient supplementation on neonatal head circumference. 10 Alternatively, the effects on perinatal mortality could stem from the use of a lower dose of iron in the micronutrient group than in the iron and folic acid group. 27 However, differences in the dose of iron did not explain heterogeneity in our analysis.
We found that all trials that reported an adverse effect on perinatal mortality were conducted in poor rural settings where most mothers had no education. Maternal educational level is likely to be a proxy for unmeasured characteristics. Low maternal education may be a correlate of a greater likelihood of delivering at home, limited access to health facilities, limited availability of skilled birth attendants and maternal and newborn care of lesser quality. 34 Mothers with limited education are less likely to seek neonatal care and more likely to be at risk of adverse pregnancy outcomes. Furthermore, in most developing countries access to quality perinatal Research health care differs substantially between rural and urban areas. 35 Our findings suggest that micronutrient supplements may need to be delivered under adequate obstetric and postnatal care. Large cluster randomized trials with a stepped wedge design may need to be conducted in rural settings to assess the safety and efficacy of micronutrient supplementation in the context of programmes for improving obstetric and postnatal care. In many parts of the developing world, enhancing access to obstetric care, improving postnatal care and empowering mothers through community health workers are essential measures for reducing perinatal and neonatal mortality. 36, 37 There is no clear explanation for the association between multiple micronutrient supplementation and a higher risk of perinatal mortality found in trials in which supplementation began in the first and early second trimester of pregnancy. This finding needs to be interpreted with caution because the meta-regression explored the potential relationship between treatment effect and the timing of supplement initiation (e.g. average gestational week) across trials. Thus, we are unable to assess whether a relationship exists or not between treatment effect and the timing of supplement initiation within trials. 15 It is possible that supplementation for a longer period increased the risk of complications during labour by increasing infants' size for gestational age. Alternatively, early supplementation could have altered metabolic regulation and led to complications during pregnancy and consequently to perinatal death. Another possibility is that micronutrient supplementation prevented early spontaneous abortion and allowed mothers to carry frail fetuses to much later stages of pregnancy, with a resulting spurious increase in the number of perinatal deaths. Minerals can interact with desoxyribonucleic acid (DNA) and disrupt ligand binding or protein function, or induce oxidative damage on embryotic tissue. 38 There is clearly a need to elucidate the biological mechanisms behind the potentially detrimental effects of micronutrient supplementation.
Our study has several limitations. Factors that we did not examine, such as the prevalence of maternal infections, including malaria and hookworm, and dietary nutrient intake, may have accounted for the heterogeneity of effect estimates. As shown by a trial in Nepal, zinc can reduce the beneficial effects of iron supplements through biochemical interactions that are possibly influenced by whether or not supplements are taken with a meal. 18, 39, 40 The heterogeneity of effect estimates could also depend on differences in the quality of the trials; however, most trials showed good compliance with the study regimen and high participant retention. We were unable to verify the composition and dosage of the micronutrient supplements. Most trials used the RDA of each micronutrient, an amount considered sufficient to meet the requirements of most healthy individuals in industrialized countries.
In developing countries pregnant women may require higher doses because of their poorer nutritional status and higher rates of infection. However, a recent trial found that multivitamin supplements containing the RDA of each component may be as effective as those containing multiple doses of the RDA in reducing the risk of adverse pregnancy outcomes among HIV-infected women. 41 There is insufficient evidence to recommend routine prenatal multiple micronutrient supplementation for women in developing countries. Although our study provides valuable insights into the Research heterogeneous effects of micronutrient supplements on perinatal mortality, more research is needed to explain why some trials found multiple micronutrient supplementation to be associated with higher perinatal mortality. Few studies have examined the effects of micronutrient supplementation on long-term child health outcomes, such as child mortality, morbidity, growth and cognitive development. A large trial in Indonesia showed that prenatal micronutrient supplementation was associated with a significant 18% reduction in early infant mortality. 26 Examining long-term outcomes is important because greater infant survival or other beneficial effects may not be reflected in birth weight. Micronutrient supplementation before pregnancy also warrants further research. 42, 43 Among Bhutanese refugees dependent on food aid, the incidence of low birth weight declined from 16% to 8% after 2 to 3 years of implementation of micronutrientfortified blended foods. 44 In conclusion, we found that maternal micronutrient supplementation can reduce the risk of low birth weight but has no overall effect on perinatal mortality in developing countries. Non-significant detrimental effects on perinatal mortality were reported in some trials conducted in poor rural settings. This suggests that in such settings supplements may need to be delivered in the context of programmes for improving obstetric and postnatal care. More research is needed to address the safety, efficacy and effective delivery of maternal micronutrient supplementation. ■ Competing interests: None declared. Objectif Étudier systématiquement les essais contrôlés randomisés comparant l'effet de l'apport en micronutriments multiples à l'apport en fer et en acide folique sur les issues de la grossesse dans les pays en voie de développement. Méthodes MEDLINE et EMBASE ont fait l'objet d'une recherche. Les résultats d'intérêt étaient le poids de l'enfant à la naissance, un faible poids à la naissance, une taille trop petite pour l'âge gestationnel, la mortalité périnatale et la mortalité néonatale. Les risques relatifs (RR) globaux étaient estimés par des modèles à effets aléatoires. Les sources d'hétérogénéité étaient étudiées par le biais de la méta-régression et les méta-analyses de sous-groupes. Résultats La supplémentation en micronutriments multiples s'est révélée plus efficace que la supplémentation en fer et en acide folique dans la diminution du risque de faible poids à la naissance (RR = 0,86, 95% IC = 0,79-0,93) et du risque de taille trop petite pour l'âge gestationnel (RR = 0,85; 95% IC = 0,78-0,93). L'apport en micronutriments n'a pas eu d'effet général sur la mortalité périnatale (RR = 1,05; 95% IC = 0,90-1,22) et ce, malgré une hétérogénéité évidente (I 2 = 58%; P pour hétérogénéité = 0,008). Les analyses des sous-groupes et de la méta-régression laissaient à penser que l'apport en micronutriments était associé à un risque inférieur de mortalité périnatale dans les essais pour lesquels > 50% des mères avaient eu une éducation structurée (RR = 0,93; 95% IC = 0,82-1,06) ou pour lesquels la supplémentation avait débuté en moyenne après 20 semaines de gestation (RR = 0,88; 95% IC = 0,80-0,97). Conclusion L'éducation de la mère ou l'âge gestationnel en début de supplémentation a pu contribuer aux effets hétérogènes observés sur la mortalité périnatale. La sécurité, l'efficacité et l'assimilation effective de l'apport maternel en micronutriments nécessitent des recherches supplémentaires.
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Резюме
Назначение матерям поливитаминных и мультиминеральных комплексов и исходы беременности в развивающихся странах: мета-анализ и мета-регрессия Цель Провести систематический обзор рандомизированных контролируемых испытаний, сравнивающих воздействие назначения поливитаминных-мультиминеральных комплексов и пищевых добавок железа и фолиевой кислоты на исходы беременности в развивающихся странах. Методы Был проведен поиск в базах данных MEDLINE и EMBASE. Исходами, представлявшими интерес, были: масса тела при рождении, низкая масса тела при рождении, малый размер плода для данного срока гестации, перинатальная смертность и неонатальная смертность. Совокупные относительные риски (ОР)) оценивались при помощи моделей со случайными эффектами. Источники гетерогенности исследовались при помощи мета-анализа и мета-регрессии в подгруппах. Ре з у л ьт а т ы Н а з н ач е н и е п о л и в и т а м и н н ы х и мультиминеральных комплексов было более эффективным, чем назначение пищевых добавок железа и фолиевой кислоты, для снижения риска низкой массы тела при рождении (ОР = 0.86, доверительный интервал (ДИ) 95% = 0,79-0,93) и малого размера плода для данного срока гестации (ОР = 0,85; ДИ 95% = 0,78-0,93). В целом назначение поливитаминных и мультиминеральных комплексов не оказывало воздействия на перинатальную смертность (ОР = 1,05; ДИ 95% = 0,90-1,22), хотя была заметна значительная гетерогенность (I 2 = 58%; P для гетерогенности = 0,008). Анализ в подгруппах и метарегрессионный анализ позволили сделать вывод, что назначение поливитаминных и мультиминеральных комплексов коррелировало с низким риском перинатальной смертности в тех испытаниях, где более 50% матерей имело тот или иной уровень формального образования (ОР = 0,93; ДИ 95% = 0,82-1,06) или где назначение было применено при среднем сроке гестации в 20 недель (ОР = 0,88; ДИ 95% = 0,80-0,97). Вывод На наблюдаемую гетерогенность воздействия на перинатальную смертность могли повлиять уровень образования матерей и срок гестации при назначении пищевых добавок. Вопросы безопасности, результативности и э ф ф е к т ив но с т и прием а полив и т а м инны х и мультиминеральных комплексов матерями требуют дальнейшей научной проработки.
Resumen
Administración de múltiples micronutrientes durante el embarazo y resultados en los países en vías de desarrollo: metanálisis y metarregresión Objetivo Realizar una revisión sistemática de ensayos aleatorizados y controlados en los que se compara el efecto de la administración de múltiples micronutrientes con el de la administración de hierro y ácido fólico sobre los resultados de los embarazos en los países en vías de desarrollo. Métodos Se realizaron búsquedas en MEDLINE y EMBASE. Los resultados de interés fueron: peso del neonato, bajo peso neonatal, neonatos con una talla baja para la edad gestacional, mortalidad perinatal y mortalidad neonatal. Se calcularon los riesgos relativos (RR) agrupados, empleando modelos de efectos aleatorios. Se investigaron las fuentes de heterogeneidad del metanálisis y la metarregresión de los subgrupos. Resultados La administración de múltiples micronutrientes fue más eficaz que la administración de hierro y ácido fólico a la hora de reducir el riesgo del peso bajo neonatal (RR = 0,86, IC del 95%= 0,79-0,93) y la talla baja para la edad gestacional (RR = 0,85; IC del 95% = 0,78-0,93). La administración de micronutrientes no tuvo un efecto global en la mortalidad perinatal (RR = 1,05; IC del 95%= 0,90-1,22), si bien la heterogeneidad fue importante y evidente (I 2 = 58%; p de heterogeneidad = 0,008). Los análisis de los subgrupos y de la metarregresión sugirieron que la administración de micronutrientes estaba asociada a un menor riesgo de mortalidad perinatal en aquellos estudios en los que más del 50% de las madres tenía formación universitaria (RR = 0,93; IC del 95%= 0,82-1,06) o en los que la administración se inició después de una media de 20 semanas de gestación (RR = 0,88; IC del 95%= 0,80-0,97). Conclusión La educación de la madre o la edad gestacional en la que se inició la administración pueden haber contribuido a los efectos heterogéneos observados en la mortalidad perinatal. Se debe seguir investigando la seguridad, la eficacia y la efectividad de la administración de micronutrientes a mujeres embarazadas.
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